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Lancaster's role 1.

DSEcal in Tokai

DSEcal in LU

Layers for 
Barrel ECal

Lancaster QA'd the materials for the DS ECal,
built it, trained others, and now is
constructing layers for the Barrel ECal.
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Lancaster's role 2.
We have contributed strongly
to the software (see Gavin Davies' poster).
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DownStream	  (DS)	  ECAL	  module	  awai@ng	  installa@on	  at	  JPARC	  



T2K	  SoJware	  &	  Physics	  Contribu@ons	  

covariance with the ND280 flux parameters as calculated
by the beam simulation described earlier. The absolute
track momentum scale, pion secondary interactions, and
background uncertainties are the largest detector system-
atics. The reconstructed ND280 !! momentum distribu-
tions for CCQE and CCnQE selections and predicted event
distributions from the ND280 fit to data are shown in
Fig. 1. For the oscillation fits, the ND280 fit provides a
systematic parameter error matrix which consists of 11 E"!

SK flux normalizations, five E !"!
SK flux normalizations,

and the seven common neutrino interaction parameters. The
fractional error on the predicted number of SK candidate
events from the uncertainties in these 23 parameters, as
shown in Table I, is 4.2%. Without the constraint from the
ND280 measurements this fractional error would be 21.8%.

SK measurements.—The SK far detector "! candidate
events are selected from fully contained beam events. The
SK phototube hits must be within"500 !s of the expected
neutrino arrival time, and there must be low outer detector
activity to reject the entering background. The events must
satisfy visible energy>30 MeV, exactly one reconstructed
Cherenkov ring, !-like particle ID, reconstructed muon
momentum >200 MeV, and # 1 reconstructed decay
electron. The reconstructed vertex must be in the fiducial
volume (at least 2 m away from the ID walls) and ‘‘flasher’’
(intermittent light-emitting phototube) events are rejected.
More details about the SK event selection and reconstruc-
tion are found elsewhere [16].

Assuming a quasielastic interaction with a bound neu-
tron and neglecting the Fermi motion, the neutrino energy
is deduced from the detected muon and given by

Ereco ¼
m2

p ! ðmn ! EbÞ2 !m2
! þ 2ðmn ! EbÞE!

2ðmn ! Eb ! E! þ p! cos#!Þ
; (2)

where p!, E!, and #! are the reconstructed muon mom-
entum, energy, and the angle with respect to the beam

direction, respectively; mp, mn, and m! are masses of the

proton, neutron, and muon, respectively, and Eb¼27MeV
is the average binding energy of a nucleon in 16O. The Ereco

distribution of the 58 events satisfying the selection criteria
is shown in Fig. 2. The no-oscillation hypothesis prediction
is the solid line in Fig. 2 and the MC expectation is
205" 17 (syst) events, of which 77.7% are "! þ !"!

CCQE, 20.7% are "! þ !"! CCnQE, 1.6% are NC, and

0.02% are "e þ !"e CC. The expected resolution on recon-
structed energy for "! þ !"! CCQE events around the

oscillation maximum is (0:1 GeV.
Eight SK detector systematic uncertainties are associ-

ated with event selection and reconstruction. The SK en-
ergy scale uncertainty is evaluated by comparing energy
loss in data and MC calculations for samples of cosmic-ray
stopping muons and associated decay electrons, as well
as by comparing reconstructed invariant mass for data and
MC for $0s produced by atmospheric neutrinos. The other
seven SK event-selection-related uncertainties are also eval-
uated by comparing atmospheric neutrino MC and data
samples. The "! þ !"! CCQE ring-counting-based selec-

tion uncertainty is evaluated in three energy bins, including
correlations between energy bins. Other uncertainties result
from selection criteria on the "! þ !"! CCQE, "! þ !"!

CCnQE, "e þ !"e CC, and NC events. These uncertainties
(eight parameters) produce a 10.1% fractional error on the
expected number of SK events, as listed in Table I.
Systematic uncertainties on pion interactions in the

target nucleus (FSI) and SK detector (SI) are evaluated
by varying underlying pion scattering cross sections in the
NEUT and SK detector simulations. These uncertainties

(a)

(b)

FIG. 1 (color online). The ND280 momentum data distribu-
tions of (a) the CCQE and (b) CCnQE selections. The predicted
total, CCQE, CCnQE, and background event distributions from
the ND280 fit are overlaid on both figures.

0 1 2 3 4 5 6

E
v

en
ts

 /
 (

0
.1

 G
eV

)

0
5

10
15
20
25
30
35

T2K data
No oscillation hypothesis
T2K best fit

0 1 2 3 4 5 6
o

sc
il

la
ti

o
n

s
R

at
io

 t
o

 n
o

0

0.5

1

1.5

 energy (GeV)νReconstructed
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

FIG. 2 (color online). The 58 event 1-ring !-like SK recon-
structed energy spectrum. Top: The two predicted curves are the
no-oscillation hypothesis and the best fit from the primary
oscillation analysis. The energy scale is given on the top
(0–6 GeV). Bottom: The ratio of the observed spectrum over
the no-oscillation hypothesis and ratio of the best-fit curve over
the no-oscillation hypothesis in two energy ranges: lower left
(0–6 GeV) and lower right (0.3–1.0 GeV). The fit uses finer
binning than is shown here.
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T2K CC-Inclusive Selection
• At least 1 negatively charged track in TPC2
• Track starts within the fiducial volume of FGD1
• dE/dx compatible with muon hypothesis in TPC
• No backwards tracks allowed
• Vertex is the track start

µ-

CC-Inclusive Candidate

FGD1

TPC2

νµ



Addi[onal	  Experience	  	  

•  Jarek	  Nowak	  
–  ICARUS	  (Monte	  Carlo	  analysis)	  
– MiniBooNE	  (	  cross	  sec[on	  measurements)	  
– T2K	  (reconstruc[on	  algorithm	  for	  SMRD	  and	  test	  
of	  SMRD	  module	  and	  installa[on)	  

– NOvA	  (produc[on	  of	  NOvA	  modules,	  physics	  
coordinator,	  detector	  commissioning,…)	  

– MINOS	  (	  MC	  coordinator,	  data	  analysis)	  



Planned	  work	  for	  the	  LBNE 	  	  

•  35	  ton	  prototype	  
– Data	  analysis	  
– DAQ	  -‐	  fast	  data	  monitoring	  

•  LBNE	  
– Neutrino	  event	  reconstruc[on	  (	  not	  a	  
reconstruc[on	  algorithm)	  

– Setup	  a	  test	  stand	  for	  a	  cold	  elements	  of	  the	  LBNE	  
detectors.	  JN	  got	  a	  grant	  to	  buy	  a	  cryo	  system	  
which	  will	  be	  available	  by	  March	  2014.	  



•  Self	  pressuring	  
cryogenic	  vessel	  
•  TPV-‐160	  

•  Dewar	  DF-‐50	  	  


